The WWAMI Rural Health Research Center (RHRC) is one of six centers supported by the Federal Office of Rural Health Policy (FORHP), a component of the Health Resources and Services Administration (HRSA) of the U.S. Public Health Service. The major focus of the RHRC is to perform policy-oriented research on issues related to rural health care and the rural health professional workforce. Specific interests of the RHRC include the adequacy of the supply and education of rural health care professionals, and the availability and quality of health care for rural populations, with particular emphasis on access to high-quality care for vulnerable and minority rural populations.
MEASUREMENTS AND MAIN RESULTS
This study's outcome is evidence of supplemental oxygen use in the claims any time after hospitalization through 2000. 33.7% of the 34,916 patients used supplemental oxygen, with an over four-fold difference between states and an over six-fold difference between hospital referral regions with high/low utilization. Rocky Mountain states and Alaska had the highest utilization; the District of Columbia had the lowest utilization. After adjusting for patient characteristics and elevation, high utilization communities included low lying areas in California, Florida, Michigan, Missouri, and Washington. Living in rural areas was associated with higher unadjusted oxygen use rates than living in urban areas.
CONCLUSIONS
There is significant geographic variation in supplemental oxygen use, even after controlling for important patient and contextual factors. The Centers for Medicare & Medicaid Services (CMS) should examine these issues further and institute changes that will ensure both patient health and fiscal responsibility.
INTRODUCTION
Supplemental oxygen has been shown to significantly improve survival and quality of life in patients with obstructive lung disease who cannot otherwise maintain sufficient levels of oxygen in their body. 1 Supplemental oxygen use in the home by Medicare beneficiaries has been a topic of increased interest over the past several years as it is the single most expensive equipment item that Medicare purchases, and costs the program $1.7 billion each year. 2 A 1997 study by the Government Accounting Office (GAO) (now called the Government Accountability Office) found that the Centers for Medicare & Medicaid Services' (CMS') payment rates for home oxygen supplies were significantly more than those of the Department of Veterans Affairs. 3 As a result of these findings, the GAO recommended that CMS should monitor trends in beneficiaries' use of and access to home oxygen systems. 4, 5 Subsequently, CMS has taken several steps to reduce expenditures for home oxygen in response to the Medicare Modernization Act (MMA) of 2003, which mandated reductions in Medicare's monthly payment amounts for oxygen and oxygen equipment. 6 As part of a continuing effort to understand and manage home oxygen use on the part of CMS, and as part of a more general desire to understand health care utilization behaviors of patients with obstructive lung disease, we used data from the Medicare Durable Medical Equipment (DME) files to assess geographic differences in the use of supplemental oxygen. This study is important because the identification of populations that are high or low users of supplemental oxygen is a first step in a quality improvement process and may identify communities or populations that require further investigation and ameliorative interventions.
METHODS
We performed a retrospective cohort analysis of Medicare patients who were continuously enrolled in Parts A and B fee-for-service Medicare throughout the study period and were hospitalized for obstructive lung disease (COPD) between January 1, 1999, and December 31, 1999, and alive at the end of 2000. Using a 20% random sample of the Medicare inpatient file, we identified patients admitted to acute care hospitals with the primary diagnosis of COPD or emphysema during 1999. This was performed by selecting those individuals whose primary diagnosis fell into the following categories: International Classification of Diseases 9 th Revision (ICD-9) codes 490.0-492.8 and 494.0-496.0. ICD-9 codes 493.0-493.9 (asthma) were excluded. We chose to define our cohort using inpatients so that we could select individuals with relatively severe disease who were possible candidates for supplemental oxygen. We then searched the Medicare Durable Medical Equipment records (Statistical Analysis Durable Medical Equipment Regional Carrier Oxygen Supplies/Equipment, Nebulizers & Related Drugs, and Respiratory Assist Policy Groups) for information regarding the subsequent use of supplemental oxygen any time after their hospitalization through the end of 2000. This file contained information regarding patient age, gender, race, and home Zone Improvement Plan (ZIP) code.
We used the home ZIP code of the patient to define the rural/urban status of the beneficiary. This information is contained on each billing line. Rural status was determined by linking this ZIP code to its Rural-Urban Commuting Area Code (RUCA). 7, 8 This rural-urban taxonomy was selected as RUCAs are now used in a wide range of federal programs and research studies. The ZIP code version of RUCAs (Version In addition, we linked the patient's home ZIP code to several other databases to estimate four other variables: median household income in the ZIP code, elevation above sea level, state, and hospital referral region. 9 Median household income in a patient's home ZIP code was obtained from the 1998 Claritas Demographic file which links ZIP code to income data through a previously described process. 9 Elevation above sea level was determined by linking each patient's home ZIP code to commercially available data. 10 When elevation was missing from this source, first the 2003 Area Resource File (ARF) (used for 2.5% of patients) and then the Web-based United States Geological Survey (USGS) National Map (used for 0.1% of patients) were used to obtain elevation.
11,12
The patient's hospital referral region (HRR) was one of 306 distinct medical care referral regions across the United States defined by the Dartmouth Atlas of Health Care. 9 We linked population estimates for 2004 to each ZIP code, 13 identified those ZIP codes classified as rural by the RUCA codes, and combined these data elements to calculate the proportion of the population in each HRR living in a rural area. Twelve of the 306 HRRs were missing population data for one ZIP code, and one HRR was missing population data for two ZIP codes. For these HRRs, we used the available population data in the other ZIP codes to calculate the rural population proportion. The number of ZIP codes in these 13 HRRs with population data ranged from 34 to 295. Patients' home ZIP codes were also used to identify their residence in different states or the District of Columbia, referred to as states only throughout the manuscript.
Finally, we controlled for patient severity of illness by determining the number of admissions the patient had while in the cohort as well as the length of stay in the hospital. In order to control for the influence of comorbid conditions, we applied Deyo's adaptation of Charlson's 17-condition Comorbidity Index for administrative data to each patient. 14 
DATA ANALYSIS
We first described patient sociodemographic characteristics (e.g., age, race), clinical characteristics (e.g., Charlson comorbidity index), environmental characteristics (e.g., ZIP code-based median household income, elevation), and oxygen use by individuals living in the four RUCA types. Standard statistical tests were employed (e.g., overall chi-square tests and analysis of variance). We then calculated oxygen use rates in both states and HRRs, and identified states and HRRs with unadjusted rates of oxygen use more or less than two standard deviations from the state and HRR mean rates of oxygen use. We also created a map displaying the distribution of states' unadjusted oxygen supplementation rates using logical breakpoints. Next we determined which states and HRRs had high or low utilization of supplemental oxygen after adjustment for patient sociodemographic, clinical, and environmental variables. In these multivariate patient-level logistic regression analyses, the dependent variable was occurrence or not (0/1) of any patient oxygen claim. We report those states and HRRs where the odds ratios were greater than two standard deviations above or below the overall mean odds ratio.
RESULTS
We identified 35,588 Medicare patients with a hospitalization for COPD or emphysema in 1999 who met our study criteria. The 672 (1.9%) patients who were missing at least one geographic identifier (598 without a hospital referral region code, 74 without a RUCA code) were excluded from the analyses, leaving 34,916 patients in our cohort. Patient characteristics by rural/urban categories are displayed in Table 1 . Of the 34,916 study patients, 11,766 (33.7%) had a claim for home oxygen at some point between hospital discharge and December 31, 2000. Patients living in rural areas had higher rates of home oxygen use than those in urban areas; however, the elevations of these rural areas, on average, were nearly twice as high as for urban areas. Those living in rural areas were the most likely to be white or male and had the shortest lengths of stay and the lowest income in their ZIP codes. The rural-urban differences for the subset of the cohort that had an oxygen claim were similar, except sex. Within this subset, those living in urban areas were most likely to be male. Finally, the groups were more similar in terms of number of admissions and Charlson comorbidity scores. Beneficiaries who had an oxygen claim: race: urban 24, large rural 6, small rural 6, isolated small rural 5; length of stay: urban 43, large rural 10, small rural 6, isolated small rural 9. Table 2 shows the unadjusted percent of study patients who used supplemental oxygen by state. There was an over four-fold difference between the highest and lowest utilization states. In general, the higher utilization areas were in the mountain states, while low utilization areas were in the East and South Census regions (see Figure 1 ). Table 3 shows the unadjusted percent of study patients who used supplemental oxygen by HRR and the proportion of the HRR population living in rural areas.
There was an over six-fold difference between the highest and lowest utilization HRRs. Overall, 18.3% (56/306) of the HRRs had over half of their population in rural areas (highlighted in red). 16 Additional research has demonstrated that patients who received care from hospitals in RUCA-designated large rural areas (in or associated with a large rural city) generally had rates of guideline adherence for acute myocardial infarction close to that of urban areas. 17 The explanations for such findings need further investigation. Many of the large rural towns/cities are vital economic entities with growing populations, and are medical referral sites for their surrounding areas. These rural towns/cities of 10,000 to 49,000 often have an adequate supply of both primary care and specialty care physicians along with the associated medical infrastructure.
LIMITATIONS
There are several limitations to our findings. First, we defined our cohort through an initial hospitalization. If there were differential hospitalization rates between states, HRRs, or rural and urban locations, our findings regarding the comparative use of supplemental oxygen between those areas may not be accurate. We had limited data on patient severity of illness. Because we were dealing with administrative billing data, we had no access to specific measures of pulmonary 
IMPLICATIONS
To our knowledge, this is the first time geographic differences in the utilization of supplemental home oxygen have been examined in detail. We have identified significant variations between states, hospital referral regions, and types of rural/urban areas, and highlighted the rural population rates in hospital referral regions nationally. Given that there is an over four-fold difference between the high and low utilization states and an over six-fold difference between high and low utilization hospital referral regions, and that CMS pays nearly $2 billion per year for these services, further examination of why these variations exist is warranted. CMS, through their Quality Improvement Organizations and Durable Medical Equipment Regional Carriers (DMERCs), has the means to examine these issues in detail and institute changes that will ensure both patient health and fiscal responsibility.
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